This study evaluated the immediate effects of respiratory muscle stretching on chest wall kinematics and electromyographic activity in COPD patients. 28 patients with COPD were randomized into two groups: 14 to the treatment group (TG) and 14 to the control group (CG). The TG underwent a stretching protocol of the rib cage muscles, while the CG remained at rest under similar conditions. After a single session, TG increased the tidal volume of the pulmonary rib cage (Vrcp) (p = 0.020) and tidal volume of abdominal rib cage (Vrca) (p = 0.043) variations and their percentages in relation to the thoracic wall, Vrcp% (p = 0.044) and Vrca% (p = 0.022). Also, TG decreased the end-expiratory Vrcp (p = 0.013) and the end-inspiratory Vrcp (p = 0.011) variations. In addition, there was a reduction in respiratory rate (RR) (p = 0.011) and minute volume (MV) (p = 0.035), as well as an increase in expiratory time (Te) (p = 0.026). There was also an immediate reduction in sternocleidomastoid (p = 0.043) and upper trapezium (p = 0.034) muscle electrical activity. Then, the study supports the use of stretching to improve COPD chest wall mobility with positive effects on chest wall mechanics, on volume distribution and electromyography.
Introduction
Chronic obstructive pulmonary disease (COPD) causes damage to lung parenchyma, which lead to structural changes and dynamic collapse in the small airways (Rabe and Cooper, 2013; Nici et al., 2006) . The expiratory airflow limitation causes air trapping and lung hyperinflation, with changes in the diaphragm muscle fibres, reduction of the apposition zone and repercussions in the chest wall mechanical (Calverley and Koulouris, 2005; Puente-Maestu and Stringer, 2006; O'Donnell, 2006) . The length of the inspiratory muscle fibers is shorter due to hyperinflation, increasing resistance of the chest wall to expansion, further increasing the work of breathing and the demand placed on respiratory muscles (Hudson et al., 2007; Mckenzie et al., 2009) .
Given the interdependent relationship between the respiratory and musculoskeletal systems, some studies have been proposed the use of techniques aimed at increasing thoracic mobility in individuals with COPD (Ito et al., 1999; Minoguchi et al., 2002; Putt et al., 2008; Paulin et al., 2003; Cunha et al., 2005; Kakizaki et al., 1999; Vibbek, 1986 ). An adequate length of respiratory muscles would promote an improvement in their contractile capacity and an increase in thoracic expandability, providing benefits in the performance of respiratory mechanics (Ito et al., 1999; Minoguchi et al., 2002; Putt et al., 2008; Paulin et al., 2003; Cunha et al., 2005; Kakizaki et al., 1999; Vibbek, 1986) . Furthermore, low quality methodology and lack of accurate instruments decrease the consistency of literature results.
Techniques aimed at improving assessment accuracy have been used in COPD studies, as the optoelectronic plethysmography (OEP) and the surface electromyography (EMG). OEP is a non-invasive and validated method able to accurately detect and analyze changes in chest wall volumes and their compartments (Ferrigno et al., 1994; Aliverti et al., 2005; Aliverti and Pedotti, 2003) . Other studies have used EMG for non-invasive assessment, recording and analysis of respiratory muscle electrical activity, in order to obtain qualitative and quantitative results on muscle activity under different conditions (ATS/ERS, 2002; Duiverman et al., 2004; http://dx.doi.org/10.1016/j.resp.2017.03.002 1569-9048/© 2017 Elsevier B.V. All rights reserved. Andrade et al., 2005) . No studies were found in the literature using these techniques to assess the effects of respiratory muscles stretching in COPD.
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Therefore, the hypothesis for this study was that respiratory muscles stretching reduces muscle tension and chest stiffness in COPD subjects, increasing thoracic mobility, improving chest wall or compartmental volumes and reducing the electrical activity in the accessory muscles of respiration. Accordingly, the aim of this study was to analyze the immediate effects of respiratory muscle stretching on ventilatory parameters and chest wall and compartmental volumes distribution as evaluated by OEP, and on the electrical activity of these muscles, as measured by EMG in clinically stable patients with COPD.
Methods

Design and participants characteristics
This was a randomized controlled and blind trial with allocation concealment. Twenty-eight individuals with COPD were divided into two groups: treatment (TG), subjected to a muscle stretching protocol to increase thoracic mobility and control (CG), which remained at rest under the same environmental conditions and amount of time as the TG. The randomization groups were determined using the Statistical Package for Social Sciences -SPSS 18.0 and saved in sealed opaque envelopes. The evaluation and data analysis was performed for a different researcher.
The patients were recruited from the community and public hospitals specializing in the treatment of lung diseases, observing the following inclusion criteria: clinical and functional diagnosis of COPD according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD, 2009) 1 , forced expiratory volume in one second (FEV1) less than 70% of predicted post-bronchodilator lung function values; clinical stability during the study, both sexes, aged over 40 years, body mass index (BMI) between 18.5 and 29.9 kg/m 2 , and non-smokers for at least three months. We excluded individuals who had one or more COPD exacerbation within the last eight weeks, other respiratory, cardiovascular or osteoarticular diseases and participants in pulmonary rehabilitation programs.
All subjects were instructed regarding the research and gave their informed consent. This study was approved by the institutional Human Research Ethics Committee and its registration was accepted by ClinicalTrial.gov under registration NCT 01826669.
Functional data
Participants underwent an interview, and evaluation of anthropometric data (weight and height), respiratory rate (RR), heart rate (HR) and peripheral oxygen saturation (MD300-D Finger Oximeter, Maxtec, USA). A portable spirometer (Micro Medical Microloop MK8, England) was used for a trained professional to assess lung function and COPD classification, in accordance with the acceptability and reproducibility criteria of the American Thoracic Society/European Respiratory Society -ATS/ERS (2002).
Assessment of regional chest wall volumes by optoelectronic plethysmography
The volume distribution of chest wall and ventilatory pattern was assessed by OEP (ELITE system, BTS Engineering, Milano, Italy).
The OEP system is composed of eight cameras capable of capturing the movement of 89 reflective markers attached to the thoracoabdominal surface, placed with hypoallergenic adhesive tape in seven horizontal rows and five vertical columns defined according the protocol previously described, allowing the analysis of volumetric changes in the chest wall and its compartments (Ferrigno et al., 1994; Aliverti et al., 2005; Aliverti and Pedotti, 2003) . The chest wall was divided into the following compartments: tidal volume of pulmonary rib cage (Vrcp -portion of the rib cage opposed to the lung); tidal volume of abdominal rib cage (Vrca -portion of the rib cage opposed to the diaphragm); and tidal volume of abdomen (Vab) (Aliverti and Pedotti, 2003) .
OEP data acquisitions were performed while individuals were seated with their arms at their sides. Data were collected during three minutes of normal breathing. For OEP analysis, information was captured using OEP Capture Software, examined with the help of SMART-analyzer software (both by BTS Bioengineering, Milano, Italy) and considered as outcome measures. Post-protocol values were obtained by the ratio between post and pre means in both groups. OEP values greater than one represent an increase in volumes or ventilatory parameters, while those less than one indicates a decrease.
After the initial assessment, the exact position of the reflective markers was marked on the skin with a hypoallergenic water-based marker and then they were removed to perform the stretching. Immediately after the protocol for respiratory muscles stretching, the reflective markers were repositioned in the same previously marked locations and subjects were revaluated by repeating the same assessment procedures. The evaluator was blind regarding which group the patient belonged to.
Assessment of respiratory muscle electrical activity by surface electromyography
EMG was measured during a maximal inspiratory pressure maneuver (MIP) with a manovacuometer (MVD 300, Globalmed, Brazil), following ATS/ERS recommendations (2002) (ATS/ERS, 2002), which state that the electromyographic signal must be normalized through maximum inspiratory efforts. An 8-channel signal conditioner (EMG System do Brazil LTDA, São Paulo, Brazil), 5 of which evaluated the muscles under study, was used for electromyographic assessment. The system consists of a sensor signal with a 10 Hz analog high-pass filter and 500 Hz low-pass filter, and a 2000x signal amplifier. A high-pass filter with cutoff frequency of 30 Hz was used during analysis of myoelectric signals, in order to eliminate any interference from heart rate (Drake and Callaghan, 2006) . Diaphragm, upper trapezius, scalene, pectoralis major and sternocleidomastoid muscles were evaluated. The placement of surface electrodes (3 M, São Paulo, Brazil) was decided using bony prominences and the path of muscle fibers as reference. The electrodes were attached after trichotomy in order to decrease impedance. The electrodes were placed on the muscles on the right side of the body in order to reduce electrocardiographic signal interference (Drake and Callaghan, 2006) . A reference electrode was positioned on the patient's sternum to reduce other interferences (Duiverman et al., 2004; Duiverman et al., 2009 ).
The electromyographic signal was analyzed by EMG Lab software version 2012 (EMG System Brasil, Brazil) and it was normalized by data comparison. The absolute Root Mean Square (RMS) values were calculated and converted into relative values, data records before the interventions were considered as reference value. Post-intervention values were obtained using the mathematical relationship between the values recorded prior to treatment. RMS values greater than 100% represent an increase in muscle activity, while those less than 100% indicate a decrease.
After the initial assessment, the exact position of the electrodes was marked on the skin with a hypoallergenic water-based marker and then they were removed to perform the stretching. Immediately after the protocol for respiratory muscles stretching, the electrodes were repositioned in the same previously marked locations and subjects were revaluated by repeating the same assessment procedures. The evaluator was blind regarding which group the patient belonged to.
Protocol for respiratory muscles stretching
Respiratory muscles stretching were performed passively by a single trained and experienced therapist. Subjects were placed in the supine or lateral position, knees bent to correct the lumbar curve, with repositioning of the scapular waist as well as scapular and arm abduction in order to prevent postural compensations. Stretching was performed bilaterally as follows:
• Upper trapezius: patient in supine position with lateral flexion of the head to the opposite side of that stretched, the therapist supported the occipital region with one hand and the shoulder with the other hand, causing displacement of two support points in the craniocaudal direction (Cunha et al., 2005 ); • Sternocleidomastoid: patient in supine position with lateral flexion with rotation of the head to the opposite side of that stretched; the therapist placed one hand on the occipital region and the other on the sternal region, which was displaced in the cranialcaudal direction (Cunha et al., 2005 ); • Scalene: patient in supine position, with one hand on the occipital region and the other on the sternum region, the therapist promoted displacement of the two support points, in opposite directions (Cunha et al., 2005 ); • Pectoralis major: patient in supine position, on the side to be stretched, the patientís arm was abducted, forearm flexed and hand resting on the occipital region. The displacement was performed with one of the therapist's hands on the upper third of the arm and the other on the lateral region of the upper chest, following the direction of muscle fibers (Cunha et al., 2005 ); • Intercostal: patient in supine and lateral position on a half moonshaped foam roller in the infra-axillary region, forearms flexed and hands resting on the occipital region; the therapist used both palmar region hand's to mobilize the ribs in the craniocaudal direction (Vibbek, 1986) .
Stretching occurred during the expiratory phase, with two sets of ten consecutive incursions for each muscle and a one-minute interval between the series (Cunha et al., 2005) . For intercostal muscles stretching, a side stretch was performed in lateral decubitus at the moment of inspiration and the ribs were monitored during expiration (Postiaux, 2000) . The intervention took 20 min in total. CG patients were instructed to change the position as the TG, there were no complaints during the procedure.
Statistical analysis
Statistical analysis was performed using SPSS 18.0 software. The Shapiro-Wilk and Levene tests were used to assess normality and homogeneity of variance, respectively. Although data distribution was normal and variances homogeneous, the Mann-Whitney test was applied due to sample size. OEP and EMG data were obtained by the ratio between post and pre means in both groups. All tests were conducted at a 95% confidence level and significance level of p < 0.05.
No studies were found using OEP and EMG to assess the effects of respiratory muscles stretching in COPD. Sample size (n) was cal- culated from a pilot study of 10 patients allocated equally to TG and CG groups, using G-Power ® 3.1.1 software (Universität Kiel, Germany), considered a power = 0.80 and ␣ = 0.05. The calculation was performed using the difference between the means of the groups before and after intervention, according to the main outcomes considered: Vrcp (L) (CG 0.11 ± 0.03 and TG 0.15 ± 0.04) and the RMS value of the sternocleidomastoid muscle (CG 1.08 ± 0.09 and TG 0.98 ± 0.04). The ideal number was estimated to be 14 participants in each group, according to Vrcp and 9 participants in each group for RMS of the sternocleidomastoid muscle.
Results
A total of 38 subjects were examined initially, but nine patients did not meet the inclusion criteria due to the presence of other respiratory diseases (n = 3), inadequate BMI (n = 3), normal spirometry (n = 1) and osteoarticular disease (n = 2). One TG patients discontinued the intervention for experiencing lower back pain, not related with the technique. Fig. 1 shows the flowchart for selection and allocation of subjects in each group according to Consolidated Standards of Reporting Trials (CONSORT), 2010 (Schulz et al., 2010) .
The sample consisted of 28 individuals with COPD, randomly divided into two groups: 14 subjects in the TG (61.8 ± 8.3 years) and 14 subjects in the CG (62.4 ± 8.3 years). Baseline anthropometric and pulmonary function variables are shown in Table 1 .
The TG showed a decline in RR (p = 0.011) and minute volume (MV) (p = 0.035) variation and an increase in expiratory time (Te) variation (p = 0.026) when compared to the CG (Fig. 2) . Increases in Vrcp (p = 0.020), Vrca (p = 0.043) and their percentages, Vrcp% (p = 0.044), Vrca% (p = 0.022) were observed in the TG compared with the CG after intervention. Regarding to end expiratory volumes, after the stretching protocol was observed decreases in end-expiratory Vrcp (p = 0.013) and in end-inspiratory Vrcp variations (p = 0.011). (Fig. 2 ). There were no significant differences between the groups regarding the others optoelectronic plethysmography parameters (Table 2) .
The TG showed a decrease in RMS percentage in the sternocleidomastoid (p = 0.043) and upper trapezius (p = 0.034) during MIP compared to the CG. The RMS percentage in the other muscles did not differ between groups (Fig. 3) . Due to technical problems in the storage of data, nine collections of EMG were excluded during the analysis of electromyographic signals. Thus, the 19 patients evaluated were still within the number of samples previously calculated for this variable. There were no significant differences between the groups regarding the others electromyography parameters. 
Table 2
Mean ± SD for optoelectronic plethysmographic measures pre and post protocol for each group and comparison of ratio post and pre means between groups.
PRE PROTOCOL POST PROTOCOL POST/PRE
Variables CG (n = 14) Mean ± SD TG (n = 14) Mean ± SD CG (n = 14) Mean ± SD TG (n = 14) Mean ± SD CG (n = 14) TG (n = 14) 
Discussion
The study demonstrated that a simple and reproducible protocol for respiratory muscles stretching in clinically stable patients with COPD produced benefits in the chest wall kinematics and in the ventilatory patterns, with reduction in the electrical activity from sternocleidomastoid and upper trapezius muscles, even in a single session. It is not possible to compare many of the present results with other published results because the evaluation methods and the acute effects of the stretching protocol used in this study have not previously been applied to the experimental intervention. Only a previous study evaluated the same stretching protocol in COPD patients by the electromyographic activity, but they assessed the chronics effects (Cunha et al., 2005) . Cunha et al. (2005) observed a significant reduction in upper trapezius and pectoralis major muscle electrical activity after 16 sessions of respiratory muscles stretching. Thus, the chronic effects of stretching were similar to those of the immediate effects seen in this study in relation to reduced RMS in the upper trapezius.
Studies have reported the acute effects of stretching (Marek, 2005; Taylor et al., 1990) . A single session of muscle stretching could increase the extensibility of soft tissues by affecting the contractile properties of muscle fibers and the viscoelastic changes promoted in the muscle-tendon unit (Marek, 2005; Taylor et al., 1990) . Furthermore, the "stress relaxation" is described immediately after sessions of muscle stretching and this relaxation would be related to muscular tension decreases (Marek, 2005; Taylor et al., 1990) . Thus, this reduction in the muscle tension occurs along with the reduction in myoelectric activity (Cunha et al., 2005; Kakizaki et al., 1999; Vibbek, 1986; Ferrigno et al., 1994; Aliverti et al., 2005; Aliverti and Pedotti, 2003; ATS/ERS, 2002; Duiverman et al., 2004; Duiverman et al., 2009; Dornelas de Andrade et al., 2005; Drake and Callaghan, 2006; Postiaux, 2000; Schulz et al., 2010; Marek, 2005; Taylor et al., 1990) , similarly to the electromyographic findings of this study.
The RMS reduction in the SCM observed in this study is beneficial since it improves the muscular mechanical advantage and reduces the effects of muscle overload in patients with COPD. Dornelas de Andrade et al., (Dornelas de Andrade et al., 2005) used the RMS as a parameter to evaluate the activity of respiratory muscles in COPD patients and they found a significant increase of RMS in the SCM (28%) when these patients underwent endurance exercise. Thus, this muscle has an important role in respiratory adaptation process in this population (Dornelas de Andrade et al., 2005) .
The other muscles tested showed no significant changes between groups immediately after stretching. With the exception of the diaphragm, these muscles showed a tendency to reduced electromyographic activity after stretching. The RMS percentage in the diaphragm showed a trend toward greater fiber activation, indicating that it increased its participation in the work of breathing, due to changes in the rib cage muscles, underscoring the beneficial effect of the technique (Dornelas de Andrade et al., 2005) .
The hyperinflation, observed in any stage of COPD, modifies the configuration of the zone of apposition and reduces the diaphragm mobility (Calverley and Koulouris, 2005; PuenteMaestu and Stringer, 2006; O'Donnell, 2006) . The diaphragm operate at a disadvantageous position, according to Laplace's law, impairing its ability to generate force, recruiting the accessory inspiratory muscles (scalene, sternocleidomastoid, upper trapezius and pectorals) to perform his work (Hudson et al., 2007; Mckenzie et al., 2009) . These accessory muscles promoting mobility in upper rib cage during inspiration, making the respiration superficial, that requires increase in respiratory rate and minute volume (Hudson et al., 2007; Mckenzie et al., 2009) .
The EMG findings may be related to the volume distribution of chest wall and ventilatory pattern results. The decrease in electrical activity in the accessory muscles may have contributed to a reduction in muscle tension and chest stiffness, with increasing in the extensibility of tissues and in the contractile properties of muscle fibers, promoting a reduction of the mechanical disadvantage in the diaphragm. These results may have improved diaphragm function, by the increase in rib cage abdominal volumes variations, and changed their strategy of pulmonary ventilation, by the increase in the rib cage pulmonary volume variations.
Some authors (Ito et al., 1999; Minoguchi et al., 2002; Paulin et al., 2003; Kakizaki et al., 1999) reported increased thoracic mobility in a muscle stretching gymnastics program (Kakizaki et al., 1999) compared to other breathing exercises (Ito et al., 1999) or inspiratory muscle training (Minoguchi et al., 2002) and in a combination of breathing exercises and general physical exercises (Paulin et al., 2003) . However, these studies (Ito et al., 1999; Minoguchi et al., 2002; Paulin et al., 2003; Kakizaki et al., 1999) used thoracic cirtometry as the assessment method, which, albeit simple and accessible, has been referenced as a parameter for measuring 'chest amplitude', 'lung volumes and capacities', and 'diaphragmatic function', among others. Yet the technique has not been scientifically validated, mainly due to methodological differences in postures and anatomical reference points (Caldeira et al., 2007) . Caldeira et al. (2007) demonstrated that cirtometry is not accurate in measuring lung volumes compared to inductance plethysmography, and recommends it not be used for that purpose in clinical practice or scientific research.<
The limitation of thoracic cirtometry was also underscored by Paulin et al., (Paulin et al., 2003) , who reported missing lung volume data as a limiting factor. Paulin et al. investigated the effect of an exercise program aimed at increasing chest mobility and observed improved chest expansion in the lower thoracic region, suggesting improved diaphragmatic excursion.
Studies that used a respiratory muscle stretch gymnastics (RMSG) program (Ito et al., 1999; Minoguchi et al., 2002; Kakizaki et al., 1999) were criticized in the literature because the program is learned by patients, is self-applicable and requires 5 patterns of muscle stretching gymnastics, 3 times every day for 4 weeks to obtain any benefit (Yoshimi et al., 2012) . In the Kakizaki et al. (Kakizaki et al., 1999) study, COPD patients (n = 22) showed increased mobility in the apical thoracic region after the RMSG program. However, after this same program, Minoguchi et al. (2002) (n = 12) detected increased expansibility in the three levels evaluated in COPD: axillary, xiphoid and lower chest wall.
Dynamic hyperinflation limits the maximum tidal volume and reduces the ability of inspiratory muscles to produce force by reducing their length, leading to the sensation of breathlessness. Aliverti et al. (2004) observed that changes in lung volume can be inferred from changes in inspiratory capacity, but the respiratory response to exercise also involves the distribution of these volume changes to different chest wall compartments involving the activity of different groups of respiratory muscles. They have identified an increase in chest wall end-expiratory volume, end-inspiratory Vab and rib cage volumes in COPD patients compared with healthy subjects during exercise (Aliverti et al., 2004) . Also, the pattern seen in euvolumic group was adopted with reduced in chest wall end-expiratory volume and in end expiratory abdominal Vab, preventing dynamic hyperinflation (Aliverti et al., 2004) .
In this study, the end-inspiratory Vrcp and end-expiratory Vrcp variations decreased after the stretching protocol, different to the expected pattern of respiratory system adaptation in patients with COPD (Aliverti et al., 2004) . These findings may contribute to prevent or reduce end-expiratory rib cage hyperinflation in these patients. The others end-inspiratory and end-expiratory volumes remained constant between groups, including the end-inspiratory Vab and the chest wall end-expiratory volume, predictors of dynamic hyperinflation in COPD patients.
Individuals vary in the strategy of respiratory muscle recruitment that they adopt and in the resultant change in compartmental chest wall volume, the results should be related to the clinical findings for a better understanding. The decrease in end-expiratory Vrcp variation seems to be related to changes in inspiratory accessory muscle activity. TG released upper rib cage promoting increase in tidal volume, and for keep respiratory stability, this group there was significant reductions in MV and RR, that minimize respiratory work. These reductions with increased the Te, suggesting beneficial effects in the treatment of COPD.
Ito et al. (Ito et al., 1999 ) also observed increased expiratory time after the RMSG program in 16 patients with COPD. The hypothesis is that the increase in Te may have involved chest wall receptors, since reducing its rigidity could result in greater spindle muscle activity, with contraction of expiratory intercostal muscles (Ito et al., 1999; Zuperku et al., 1982) . The increase in Te can cause a reduction in expiratory flow, with less pressure drop across the airway, thereby preventing its collapse, since there is more time for lung emptying (Ito et al., 1999) . Thus, there may be a reduction in air trapping and respiratory effort in these individuals, as demonstrated by the decrease in RR and MV.
It should be emphasized that the use of accurate validated instruments increased the consistency of the results obtained in this study (Caldeira et al., 2007) . In addition to the small number of literature studies, some of the resources used to investigate the effects of treatment aimed at increased thoracic mobility in COPD patients, such as the thoracic cirtometry used in most studies (Ito et al., 1999; Minoguchi et al., 2002; Paulin et al., 2003; Kakizaki et al., 1999) , proved to be inaccurate.
Study limitations
A limitation of this study is the absence of chronic effects and how long the effects are presents after executing the same protocol in this population. It is suggested that future studies assess the chronic effects of the respiratory muscle stretching and its benefits in pulmonary rehabilitation programs.
Conclusion
In conclusion, a single session of respiratory muscle stretching in patients with COPD promoted increases on the variations of Vrcp, Vrca and reductions on the variations of end-inspiratory Vrcp, endexpiratory Vrcp, Te, RR and MV. In addition a decrease on electrical activity was observed in muscles that are normally overloaded in COPD patients, as sternocleidomastoid and upper trapezium. This is a potentially useful study as the muscle stretching technique could be considered in the management of patients with COPD.
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